Background. Internet-based cancer risk assessment tools might serve as a strategy for translating epidemiological risk prediction research into public health practice. Understanding how such tools affect key social-cognitive precursors of behavior change is crucial for leveraging their potential into effective interventions. Purpose. To test the effects of a publicly available, Internet-based, breast cancer risk assessment tool on social-cognitive precursors of physical activity. Methods. Women (N = 132) aged 40-78 with no personal cancer history indicated their perceived risk of breast cancer and were randomly assigned to receive personalized (www.yourdiseaserisk. wustl.edu) or nonpersonalized breast cancer risk information. Immediately thereafter, breast cancer risk perceptions and physical activity-related behavioral intentions, self-efficacy, and response efficacy were assessed. Results. Personalized information elicited higher intentions, selfefficacy, and response efficacy than nonpersonalized information, P values \ 0.05. Self-efficacy and response efficacy mediated the effect of personalizing information on intentions. Women who received personalized information corrected their inaccurate risk perceptions to some extent, P values \ 0.05, but few fully accepted the information. Conclusion. Internet-based risk assessment tools can produce beneficial effects on important social-cognitive precursors of behavior change, but lingering skepticism, possibly due to defensive processing, needs to be addressed before the effects can be maximized.
M ore than 230,000 women in the United States developed breast cancer in 2015. 1 Several risk prediction algorithms can calculate a woman's likelihood of developing breast cancer (e.g., Gail and others 2 and Colditz and Hankinson 3 ), and the results can identify women who may be eligible for intensive risk reduction and/or detection efforts, 4, 5 help women gain a more accurate understanding of their risk of developing cancer, 6 and facilitate informed decisions about cancer screening. 7, 8 However, the potential for breast cancer risk assessment tools to motivate other risk reduction behaviors in the general population deserves more attention. For example, an Internet-based tool that produces a modest improvement in physical activity behavior 3, 9 could yield profound impacts on public health due to its wide reach into the population.
Risk Assessment Tools and Health Cognitions
Using risk assessment tools to provide personalized disease risk information can improve the accuracy of risk perceptions, [10] [11] [12] but providing information in a way that is useful and meaningful to the public is challenging. Numerical percentage estimates are easily misunderstood and may not be necessary in all situations. 13, 14 Furthermore, people may be less likely to understand and incorporate personalized risk information into their personal perceptions of risk when the information is provided in terms of absolute risk rather than in terms of how their risk compares with that of similar others. 11, 15 These misunderstandings may limit the effectiveness of personalized risk communication interventions. [16] [17] [18] [19] [20] Another factor that may limit the effectiveness of risk assessment tools is a tendency to focus on only one of several social cognitions that are critical precursors of health behavior. [16] [17] [18] [19] [20] [21] [22] [23] The Health Action Process Approach (HAPA) asserts that interventions that target motivation or intentions to engage in a healthy behavior should incorporate components that not only increase participants' perceived risk of disease but also increase their confidence in their ability to perform the behavior (i.e., self-efficacy) and their confidence that engaging in the behavior will reduce risk (i.e., response efficacy). 23 Metaanalyses support these assertions. [24] [25] [26] [27] However, few personalized risk communication interventions have intervened on all of these key constructs. This could be because little is known about how to incorporate brief self-efficacy and response efficacy intervention components (e.g., Jackson and Aiken 28 ) into personalized risk assessment tools in general 10, 11, [16] [17] [18] 29 and breast cancer risk assessment tools in particular. 7 We addressed this gap by evaluating a publically available, Internet-based risk assessment tool that uses risk communication strategies that are easy for the public to understand and also incorporates efforts to increase response efficacy and self-efficacy. 11, 30, 31 Your Disease Risk Dozens of cancer risk assessment tools are available online, and the majority provide feedback about the risk of developing breast cancer. 19 However, few use evidence-based risk communication strategies or target key social-cognitive precursors of behavior change. In contrast, Your Disease Risk was developed by a transdisciplinary team that included experts in health behavior change and risk perception research. 30, 32, 33 In addition to providing personalized information about the risk of developing breast cancer and other diseases, this tool attempts to increase response efficacy by informing participants of the extent to which behavior change could reduce their risk. It targets self-efficacy by suggesting specific strategies for changing behavior. Your Disease Risk has received extensive publicity and has, on average, attracted more than 1000 visitors per day since inception. 34 Yet, like many such tools, little is known about how it affects social-cognitive precursors of behavior change. Understanding these effects will provide insights into how to use personalized risk assessment tools to influence key social-cognitive precursors of behavior change, inform the development of future risk assessment tools, offer advice about whether and how such tools should be incorporated into comprehensive multicomponent behavior change interventions, and guide ongoing development of the Your Disease Risk tool.
Physical Activity
We examined the effects of Your Disease Risk in the context of physical activity for several reasons. First, physical activity is one of the few modifiable behavioral risk factors for breast cancer that applies broadly across the population, is unrelated to reproductive factors, 3, 9 and does not rely on medical technology or services. Second, less than 37% of US women realize that insufficient physical activity is a risk factor for breast cancer. 35 Third, only half of US women obtain the recommended amount of physical activity. 36 Fourth, despite the sizeable potential audience, no published data describe an intervention that uses a breast cancer risk assessment tool to encourage interest in physical activity.
Objectives and Hypotheses
Our primary objective was to test the effects of an evidence-based, publically available, online breast cancer risk assessment tool on key social-cognitive precursors of physical activity: behavioral intentions, self-efficacy, response efficacy, and perceived risk. The hypotheses were in accordance with HAPA and empirical research results demonstrating that higher self-efficacy, response efficacy, and perceived risk were associated with higher intentions to change behavior. 21, 23, 24, 37, 38 We hypothesized that personalized information from the Your Disease Risk website (v. nonpersonalized website information) would elicit higher levels of physical activity-related behavioral intentions, self-efficacy, and response efficacy (H1, see top of Figure 1 ). Also consistent with HAPA predictions, we hypothesized that any effect of personalized (v. nonpersonalized) information on intentions would be mediated by self-efficacy and response efficacy (H2; see bottom of Figure 1 ).
Hypotheses regarding the effect of the tool on risk perceptions, in contrast, were nuanced because the effect of personalizing information is contingent upon individuals' objectively calculated risk estimate. First, we expected no main effect of study condition (personalized v. nonpersonalized) on postintervention risk perceptions (H3, see top of Figure 1 ); women who have many risk-increasing factors would be told they are at above-average risk, which would elicit high risk perceptions. In contrast, women who have many risk-reducing factors would be told they are at below-average risk, which would produce low risk perceptions. Comparing the risk perceptions of one group of people who are not given any personal risk information to another group comprised of both people who are told their personal risk is above average and people whose personal risk is below average should produce a null effect.
Second, drawing on research described above, [10] [11] [12] we expected changes in risk perceptions within the personalized condition such that providing personalized information would increase the accuracy of women's risk perceptions from pre-to postintervention. Thus, among women in the personalized condition who initially underestimated their risk, risk perceptions were expected to increase pre-to postintervention. Among women in the personalized condition who initially overestimated their risk, risk perceptions would decrease (H4).
Our secondary objective was to explore the potential for the tool to affect self-reported physical activity in the absence of other health behavior intervention components such as those that increase self-regulatory capabilities 23,27 or address sociocontextual barriers. 39 Due to the exploratory nature of this objective, no hypotheses were developed.
METHODS

Participants
Individuals were eligible to participate if they were White or African American women aged 18-80 years who spoke and read English. Exclusion criteria were a prior cancer diagnosis, having ever had a biopsy, and having ever visited the Your Disease Risk or the Susan G. Komen websites. Pilot testing revealed that limited computer literacy might prevent some participants from completing the study. Therefore, we excluded individuals who did not use the Internet at least 3 days per week.
Participants were recruited from the St. Louis Metropolitan area from January 13, 2013 through April 28, 2014. Recruitment strategies included posting flyers in local small businesses such as restaurants and clothing stores, advertising in local newspapers, and contacting members of 2 research participant registries. One registry was managed by the Washington University Institute for Clinical and Translational Sciences. Participants were recruited to this registry via extensive community outreach activities, including mass media advertising and face-to-face recruitment in community locations. The Women's Health Repository registry included women recruited by clinical staff immediately after undergoing annual mammographic screening.
Of the 373 women screened from all 3 recruitment strategies combined, 165 enrolled (44.1%). Of those, 132 (80.0%) completed the baseline survey . Table S1 ). Although the individuals who completed the eligibility screening differed by recruitment modality in terms of age, education, race-ethnicity, and reasons for eligibility (Suppl .  Table S2 ), due to the properties of randomization these differences should be approximately equally distributed between study conditions.
Procedure
Participants completed the Time 1 study materials online at a location of their choice. After consenting, participants completed the preintervention questionnaire. Participants were then randomly assigned to receive either personalized information about their risk of developing breast cancer via the Your Disease Risk website or a static list of risk factors that was available on the Susan G. Komen website. Both websites addressed the same risk factors. Randomization was implemented automatically when participants clicked on the link to the study. Immediately after viewing the risk information, participants completed the postintervention questionnaire. Approximately 4 weeks later, at Time 2, each participant received a follow-up survey by mail. If participants did not respond, they received a reminder 2 weeks later. Time 1 took approximately 20 minutes to complete and Time 2 took approximately 5 minutes. Participants received $10 to complete the Time 1 survey and $5 for the Time 2 survey.
Study Conditions
The personalized risk condition exposed participants to the breast cancer module of a version of the Your Disease Risk tool that had been formatted for use by university employees. 30 The employee version differs from the current ''live'' version of Your Disease Risk only in the coloring of the background and in the addition of a picture of a young woman. All content and risk communication strategies remain the same. The tool assessed a variety of demographic, medical history, and behavioral risk factors. 40 Then participants were provided with a vertical bar chart that depicted their risk visually along with text at the top of the page that indicated their risk was very much below average, much below average, below average, average, above average, much above average, or very much above average ( Figure 2 ). The bar chart and text were intended to target users' risk perceptions. Information intended to affect response efficacy was also provided via text and by a visual depiction. Specifically, the risk output identified which of the participant's current characteristics and behaviors increased and decreased her risk. Clicking on a box located beside a given health-protective behavior would lower the bar chart depicting the participant's risk and alter the text as appropriate (e.g., ''your risk is below average''). To increase self-efficacy, a given recommendation could be clicked to obtain information about risk reduction strategies. The interactive features were available only for modifiable risk factors such as physical activity, and it was not possible to determine whether a participant clicked on a given risk factor.
The nonpersonalized control condition exposed participants to a static list of the demographic, medical, and behavioral risk factors that were identical to those used to calculate the risk estimates for participants in the personalized condition. The static list used words and colors to indicate whether the factor conferred a strong, moderate, or weak increase or decrease in risk ( Figure 3 ). The current list is located in the Risk Factors section of the Susan G. Komen website http://ww5.komen.org/ BreastCancer/BreastCancerRiskFactorsTable.html.
Measures
All measures were obtained from prior sources and, where necessary, adapted based on feedback from 10 cognitive interviews. 41 To minimize burden, we used many single-item measures that were obtained from existing literature or national surveys. 22 Time 1 measures included the pre-and postintervention questionnaire; Time 2 measures included the follow-up survey. The full questionnaire can be obtained from the senior author.
Preintervention Questionnaire (Time 1a)
Demographics included age, race, ethnicity, educational attainment, and family history of breast cancer. Preintervention perceived risk was adapted from Weinstein and others 11 : ''Compared to the average woman your age and race, do you think your risk of getting breast cancer is 1 = very much below average; 2 = much below average; 3 = below average; 4 = average; 5 = above average; 6 = much above average; or 7 = very much above average; 8 = Don't know''? ''Don't know'' responses were treated as missing (n = 6). The questionnaire also included an item assessing the possibility that responses might vary according to current physical activity motivation and behavior 42 : ''Exercising at 'moderate' intensity involves activities like walking fast, bicycling, swimming, and vacuuming. Which of the following statements do you agree with most about exercising at moderate intensity for at least 30 minutes 4 or more days of the week? 1 = I have never heard about doing this; 2 = I already do this; 3 = I've never thought about doing this; 4 = I try to do this but I can't always; 5 = I'm not sure about doing this; 6 = I don't want to do this; 7 = I do want to do this but I have not started yet.'' Postintervention Questionnaire (Time 1b) Following the intervention (described above), the main outcome measures were assessed: intentions to engage in physical activity, self-efficacy of engaging in physical activity, response efficacy, and perceived risk. The intentions item read, 43 ''I plan to exercise at moderate intensity for at least 30 minutes 4 or more days of the week, starting within the next 4 weeks. 1 = definitely not; 2 = probably not; 3 = maybe; 4 = probably yes; 5 = definitely yes.'' The wording for self-efficacy was 44 ''Overall, how confident are you that you will exercise at moderate intensity for at least 30 minutes 4 or more days of 
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the week, starting in the next 4 weeks? 1 = not at all confident; 2 = a little confident; 3 = somewhat confident; 4 = very confident; 5 = extremely confident.'' The response efficacy item read, 45 ''If you exercised at moderate intensity for at least 30 minutes 4 or more days of the week, would it reduce your chance of getting breast cancer? 1 = definitely not; 2 = probably not; 3 = maybe; 4 = probably yes; 5 = definitely yes.'' Consistent with prior research related to personalized risk communication, 11 postintervention perceived risk was adapted to accommodate the possibility that participants did not accept the information provided: ''You may or may not agree with what the website said about breast cancer risk and risk factors. We are interested in what you believe. Compared to the average woman your age and race, what is your risk of developing breast cancer?'' The response scale was identical to the scale for preintervention perceived risk. Breast cancer worry was also assessed but, due to a programming error, cannot be presented here.
Women in the personalized risk condition (but not the nonpersonalized condition) were asked to recall the personalized risk information they were provided. Recalled risk was assessed with the item 11 ''According to the information on the website, is your risk of getting breast cancer 1 = very much below average; 2 = much below average; 3 = below average; 4 = average; 5 = above average; 6 = much above average; or 7 = very much above average; 8 = don't know''? Recalled risk was not asked of participants in the nonpersonalized condition because they did not receive a risk personalized risk estimate.
Follow-up Questionnaire (Time 2)
Physical activity behavior was adapted from Reference 22: ''Within the past week, have you exercised at moderate intensity for at least 30 minutes 4 or more days of the week? (Yes/No).'' Breast cancer worry, self-efficacy, response efficacy, and recall of risk information were assessed but are not reported here.
Analysis Plan
Sample Size
Sample size calculations were based on achieving a moderate effect (Cohen's d of 0.5) of study condition on our primary outcome of intentions. 24 This required 128 participants. Calculations were based on intentions because it is the cognition that is most proximal to behavior 21, 43 and because HAPA and other stage theories of health behavior identify it as the most appropriate outcome for an intervention that targets the motivational phase of behavior change. 23, 42 Logistical constraints required us to revise our initial effect size goal from d = 0.4 (N = 212). No data were analyzed prior to revising the effect size and recruitment goals.
Preliminary Analyses
Chi-square and t tests were used to verify that participant demographic characteristics, preintervention risk perceptions, and physical activity stage (i.e., ''I already [engage in the recommended amount of activity]'' v. all others) were distributed equally between study conditions (P values . 0.05). Pearson correlations were used to explore interrelationships among Time 1 social-cognitive variables.
Main Analyses
Analyses of covariance (ANCOVAs) were conducted to separately test the main effect of study condition on the social-cognitive variables of intentions, self-efficacy, response efficacy, and perceived risk. The 6 ''don't know'' responses to the perceived risk item were treated as missing. Small cell sizes required the use of Fisher's exact tests to determine whether and how women adjusted their risk perceptions in response to personalized risk information. Logistic regressions were used to examine the effect of study condition on self-reported engagement of physical activity at follow-up. All analyses included the following covariates: educational attainment (less than bachelor's degree v. bachelor's degree or higher), race/ethnicity (non-Hispanic White v. all others), family history of breast cancer (yes v. no), and stage of physical activity (i.e., ''I already [engage in the recommended amount of activity]'' v. all others).
Mediation of the effect of study condition on intentions was tested using the %INDIRECT macro for SAS. %INDIRECT calculates the bias-corrected bootstrapped 95% confidence intervals of the indirect effect of an independent variable on a dependent variable through the mediator while controlling for covariates. 46, 47 Prior to running %INDIRECT, we standardized intentions, self-efficacy, and response efficacy using Proc Standard.
RESULTS
Participants were randomized to the personalized (n = 66) or nonpersonalized (n = 66) study condition. Most participants were non-Hispanic White (74.5%). Only 29% of participants had a bachelor's degree or higher, which is comparable to the education level of the US adult population ( Table 1 ). Most women in the personalized condition (56.8%) were at above-average risk of breast cancer. Due to randomization, we expect that participants in the nonpersonalized condition were also at above-average risk. Intercorrelations among the social-cognitive variables were in the direction predicted by many theories of health behavior: Higher self-efficacy and response efficacy were associated with higher intentions to engage in physical activity (P values \ 0.01) (Suppl . Table S3 ). Pre-and postintervention risk perceptions were moderately correlated (r = 0.60, P \ 0.01), as were the objective risk estimates and postintervention risk perceptions in the personalized condition (r = 0.54, P \ 0.01).
Primary Objective
Between-Group Effects of Study Condition on Social-Cognitive Constructs at Time 1 (H1)
As predicted, participants who received personalized risk information reported statistically significantly higher physical activity intentions, self-efficacy, and response efficacy compared with participants who received nonpersonalized risk information (P values \ 0.05) ( Table 2 ).*
Between-Group Effects of Study Condition on Postintervention Perceived Risk at Time 1 (H3)
Personalized and nonpersonalized risk information elicited similar levels of perceived risk (P = 0.99) ( Table 2) .
Mediators of Between-Group Effects of Study Condition on Intentions at Time 1 (H2)
A multiple mediator model confirmed that personalized information elicited higher intentions to engage in physical activity than nonpersonalized information by eliciting higher levels of self-efficacy and response efficacy. Study condition was a significant predictor of self-efficacy (b = 0.3, s x = 0.1, P = 0.02) and response efficacy (b = 0.5, s x = 0.2, P = 0.01). Higher self-efficacy was associated with *Because different communication strategies sometimes work differently for people from different sociodemographic backgrounds, we explored whether education, race, and health literacy moderated between-group effects on cognitions. A statistically significant interaction suggested that family history of breast cancer may moderate the effect of study condition on intentions to engage in physical activity (P = 0.03). Follow-up t tests showed that among participants with a breast cancer family history, personalized information elicited higher physical activity intentions than did nonpersonalized information (P = 0.02). However, among participants with no family history, personalized and nonpersonalized information elicited similar intentions (P = 0.12). No other statistically significant interactions emerged (P values . 0.05). higher intentions (b = 0.8, s x = 0.1, P \ 0.0001), and higher response efficacy was associated with higher intentions (b = 0.1, s x = 0.1, P = 0.03). Based on 5000 bootstrapped resamples with bias-corrected confidence intervals, the indirect effect of study condition on intentions through self-efficacy was statistically significant (b = 0.25, 95% CI = 0.0520.50). The indirect effect through response efficacy was also significant (b = 0.07, 95% CI = 0.0120.16). The relative strength of self-efficacy and that of response efficacy on intentions were approximately equivalent (b = 20.19, 95% CI = 20.45 to 0.03). Perceived risk could not be tested as a mediator because doing so would have required stratifying analyses by risk status, which was unavailable for the nonpersonalized group.
Within-Group Pre-Post Intervention Changes in Accuracy of Perceived Risk at Time 1 (H4) y
To examine change in accuracy, we compared women's objective risk estimates provided by Your Disease Risk to their preintervention and postintervention risk perceptions. We began by identifying women who overestimated, accurately estimated, or underestimated their risk prior to receiving personalized information. Of the 59 women in the personalized condition who provided complete data on the risk assessment and perception variables, 31 (52.5%) initially underestimated their risk prior to receiving personalized risk information (i.e., their preintervention risk perceptions were lower than their objective risk), 14 (23.7%) initially accurately estimated their risk, and 14 (23.7%) initially overestimated their risk.
Next, we examined whether women adjusted their risk perceptions to become more consistent with the objective personalized risk estimates they were provided. The mean change in perceived risk from pre-to postintervention was significantly different among women who initially underestimated, accurately estimated, or overestimated their risk (F 2,56 = 15.2, P \ 0.001, h 2 = 0.35). Follow-up 1sample t tests showed that personalized information increased perceptions of risk among women who initially underestimated their risk and decreased perceptions of risk among women who initially overestimated their risk (P values \ 0.05) as predicted ( Table 2) . It also marginally decreased risk perceptions among women who initially estimated their risk accurately (P = 0.05).
Finally, we examined the proportion of women who fully adjusted their postintervention risk perceptions to the exact same level as the objective risk estimate provided by the risk assessment tool (i.e., exact accuracy). Of the 31 women who initially underestimated their risk prior to receiving personalized risk information, 24 (77.4%) continued to underestimate their risk after receiving personalized information. Of the 14 women who initially overestimated their risk, 7 (50.0%) continued to overestimate (Fisher's exact test, Cramer's V = 0.56, P \ 0.001).
In sum, although providing risk personalized risk information prompted women to adjust their risk perceptions to be more consistent with their objective risk, persistent misestimation of risk was widespread (i.e., few women's risk perceptions were equal to the estimate they were provided).
Secondary Objective
Between-Group Effects on Self-Reported Physical Activity at Follow-up (Time 2)
Participants who received personalized and nonpersonalized risk information had equal odds of reporting that they engaged in the recommended amount of physical activity (OR = 0.9, 95% CI 0.4-0.9, P = 0.64).
Exploratory Supplemental Analyses
We sought to explore possible factors that were associated with persistent misestimation of risk. Because only 7 women engaged in persistent overestimation, we examined only persistent underestimation.
We began by considering whether persistent underestimation was due to misremembering the risk estimates provided. However, correct recall was similar between women who did and who did not underestimate their risk (Fisher's exact test P = 0.69). Specifically, 18 of the 24 women (75%) who continued underestimating their risk recalled the information correctly, as did 24 of the 35 women (68.6%) who did not continue underestimating their risk (i.e., those who had accurate preintervention perceptions, who fully corrected their perceptions, and who continued to overestimate their risk). This suggests that persistent underestimation of risk was not due to misremembering. y Only women in the personalized condition completed a risk assessment. Therefore, we could only examine whether providing personalized risk increased the accuracy of risk perceptions within that group.
Next, to explore whether women purposefully rejected the risk information, we compared women's postintervention risk perceptions to their recalled risk estimates. 11 Of the 24 women who continued underestimating their risk (i.e., both pre-and postintervention risk perceptions were lower than their objective risk), 18 (75%) believed that their risk was lower than they recalled being told. Only 2 of the 35 (5.7%) women who did not continue underestimating their risk believed that their risk was lower than they recalled being told (i.e., those who had accurate preintervention perceptions, who fully corrected their perceptions, and who continued to overestimate their risk) (Fisher's exact test P \ 0.001). This suggests that persistent underestimation of risk may be due to skepticism about the validity of the provided estimate.
DISCUSSION
This study makes 3 key contributions. First, it shows that a tool that provides laypeople with the results of a risk prediction model using theoretically and empirically supported strategies can have beneficial effects on crucial social-cognitive precursors of behavior change (H1) and that the mediational pathways are consistent with those predicted by many health behavior theories (H2). 21 Second, it is the first study to identify, in a sample of women recruited from the general population, possible defensive processing of real breast cancer risk information provided by a highly publicized Internetbased risk assessment tool. Third, it demonstrates that a publically available, widely used breast cancer risk assessment tool is associated with higher accuracy of risk perceptions in a way consistent with risk assessment tools used in clinical settings, 48 thereby demonstrating a potentially significant impact at the population level. Our research also expands on prior research by assessing several key mediators of behavior change in a single model. Consequently, we were able to improve understanding of the ''active ingredients'' through which Your Disease Risk increased intentions to engage in physical activity. Critically, our findings were consistent with prior research reporting that self-efficacy and response efficacy are important mediators of effective interventions. 24 The absence of any effect on self-reported physical activity at follow-up is consistent with prior interventions that seek to modify physical activity and other health behaviors by providing personalized risk information. [16] [17] [18] 49 Volitional behavior change often involves moving through several stages. 23, 42 The goal of the first phase is to increase motivation and intentions to change by increasing perceptions of risk, self-efficacy, and response efficacy. Our study achieved this important milestone. However, helping motivated people actually enact and maintain behavior change often requires building self-regulatory skills. 23, 50 We plan to develop such an intervention component and incorporate it into Your Disease Risk.
Effects on Perceived Risk
Although risk perceptions among women who received personalized information became more consistent with their objective risk estimates (H4), many women continued to underestimate their risk. This finding, in addition to the discrepancy between high recall of personalized information and limited full acceptance of that same information, is consistent with prior reports of skepticism about the validity of the information derived from risk assessment tools. 11, 51, 52 Some of the skepticism might be due to the tendency for people to view their health status as embedded within a broader context that includes personal and family ''lived experiences,'' trust in physicians, and emotions. 20, 51, 52 For these individuals, probabilistic information is only one piece of information to consider when evaluating their risk status.
The data also offer very preliminary evidence that people might engage in defensive processing when receiving personalized breast cancer risk results. Although most women who received personalized risk information were at above-average objective risk of developing breast cancer (57%), most women also began the study believing that they were at average or below-average risk (79%). Such ''unrealistic optimism'' is a type of motivated reasoning in which people draw conclusions about their risk status to reduce negative affect and to protect their sense of self in the face of threatening information. 53, 54 That many participants continued to underestimate their risk despite accurately recalling the information provided is consistent with other research reporting that participants rejected threatening health information when they expected good news. 55 Another possible indication of defensive processing is that women who continued to underestimate their risk were at disproportionately higher objective risk than were women who accepted the information. This is also consistent with research reporting reluctance to accept threatening health feedback. 56 However, determining the causal link between information rejection and defensive processing was not the primary objective of this research, so we cannot say with certainty that our participants displayed defensive processing. It is also possible that participants continued to underestimate their risk because they were uncertain about whether the health history data they entered into Your Disease Risk were correct, not because they were concerned about the accuracy of the algorithm or were threatened by the findings. Therefore, these results should be viewed as hypothesis-generating, and other possible explanations, such as limited health literacy or numeracy, should be considered.
Limitations and Future Research
These results should be interpreted in light of the following limitations. Most importantly, the nonpersonalized condition differed from the personalized condition in the way the information was organized. This could have led to differences in readability and interpretability that were not accounted for by randomization and are not due to personalization. That said, it is difficult to see how a nonpersonalized list of risk factors could be formatted as simply as the vertical bar chart. The Komen site's use of colors to indicate the strength and direction of the risk factor effect provides a strong visual cue that viewers can use to draw conclusions that are not provided by lists of risk factors that are not shaded. 57 This could have mitigated some of the negative effect of the list format on readability and comprehensibility, but it is not possible to rule out the possibility that our effects were due to factors other than personalization of information.
An important caveat to the findings about changes in risk perceptions from pre-to postintervention is that because objective risk estimates could not be calculated for participants in the control condition, Hypothesis 4 and the exploratory analyses could not take advantage of the benefits of randomization and are therefore vulnerable to the limitations of a pre-post design. 58 Although our findings could be due to regression to the mean or demand effects, it is unlikely that our findings are due to an unknown event occurring in the very short time period (5 minutes) separating the preand posttests. In addition, other recently published research reported that personalizing risk information can improve accuracy in some circumstances. 48 Nevertheless, we cannot draw causal inferences about changes in risk perception accuracy or defensive processing from our data. Future research should explore these issues using a true experimental design.
Several other potential limitations should be considered. Participant characteristics differed by recruitment modality, but we could not control for or stratify by this variable. Individuals recruited in different ways may respond differently to the intervention. We also do not know which participants clicked the link to a page explaining how they could get more physical activity, nor do we know how much time they spent exploring the contents of the website. The nature of the comparison group and timing of measures do not allow us to determine whether our findings are due to the specific results of the tool or due to deeper information processing as a result of actively engaging with the tool. Future research could use eye-tracking technologies to examine how people engage with the tool. More fine-grained assessments of physical activity are also needed to examine incremental changes in activity. In addition, it is important to examine how people's responses to tools that estimate the risk of dying from cancer differ from tools like Your Disease Risk that estimate the risk of developing cancer. Furthermore, single-item measures may not be as stable as multiple-item measures when measuring psychosocial constructs. Finally, many of our subanalyses are based on relatively small sample sizes and should be replicated.
Another important area of future research is examining how different sources of information influence responses to online risk assessment tools. For example, would participants react more favorably to such a tool if it were ''prescribed'' by their primary care provider than if they simply found it online while searching for health information? It is also important to examine factors that might inhibit and facilitate the implementation of risk assessment tools in different types of health care settings. Future research should also investigate how best to incorporate risk assessment tools into more comprehensive interventions, including those that help participants develop self-regulatory strategies such as making action plans to overcoming barriers to behavior change.
CONCLUSIONS
Well-designed risk assessment tools can target constructs most likely to motivate behavior change. 
